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(57)  In a hydraulic driven vehicle of the present in-
vention, an engine 1 drives a variable displacement hy-
draulic pump 2. A hydraulic motor 3 is driven by hydraulic
oil supplied from the hydraulic pump 2. A rotation number
of the engine 1 is detected by an engine rotating speed
detecting means 15, and a driving speed is detected by

a driving speed detecting means 16. A control means 12
determines a set value for pump displacement of the hy-
draulic pump 2 by calculating with a function. The function
is set so as to make the set value in a high speed zone
larger than the set value in a low speed zone. Accord-
ingly, ina HST type hydraulic driven vehicle, fuel efficien-
cy is improved in the high speed zone.
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Description
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a control ap-
paratus for a hydraulic driving vehicle, for example a
wheel loader, a wheel crane and so on.

2. Description of Related Art

[0002] In general, a hydraulic transmission (HST) is
used in this kind of hydraulic driving vehicle.

[0003] In general HST technology, a relationship be-
tween an engine rotating speed and a pump displace-
ment is previously determined. When the vehicle drives
at a constant speed, the pump displacementis increased
or decreased in accordance with a change of the engine
rotating speed. In other words, the pump displacement
is increased when the engine rotating speed becomes
higher, and the pump displacement is decreased when
it becomes lower.

[0004] However,inthe conventional technology which
determines the pump displacement based on only the
engine rotating speed, since it is impossible to control
the pump displacement in response to the relationship
with the driving speed, there was a problem that fuel con-
sumption rate becomes worse, in particular, especially
in high speed driving condition.

[0005] Asatechnology whose objectis to improve fuel
consumption rate of a low speed vehicle like a folk-lift in
a low driving speed zone, the technology described in
Japanese Patent Laid-Open No. Hei9-301016 is known.
In this conventional technology, in a low acceleration
zone where an accelerator is slightly operated, a chang-
ing rate of engine rotating speed corresponding to the
amount of accelerator operation is set so as to be less
than that in other acceleration zones. Therefore, it is pos-
sible to improve fuel efficiency because a change of en-
gine rotating speed corresponding to a change of the
amount of accelerator operation can be suppressed in
the low driving speed zone.

[0006] However, although the above-mentioned con-
ventional technology is effective to the low speed vehicle,
it was a problem that it is impossible to apply the tech-
nology for a high speed vehicle which frequently drives
at a high speed, like a wheel loader or a wheel crane. In
these kinds of high speed vehicles, the fuel efficiency
becomes worse because the engine rotating speed be-
comes high in the high speed zone.

SUMMARY OF THE INVENTION

[0007] Itis anobject of the presentinvention to provide
a control apparatus for a hydraulic driving vehicle using
the hydraulic transmission, which enables to improve the
fuel efficiency in the high speed zone.
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[0008] In a control apparatus of a hydraulic driven ve-
hicle of the presentinvention, an engine drives a variable
displacement hydraulic pump. A hydraulic motor is driven
by hydraulic oil supplied from the hydraulic pump. A driv-
ing speed detecting means detects a driving speed, and
an engine rotating speed detecting means detects a ro-
tation number of the engine. A control means controls a
pump displacement based on a set value for pump dis-
placement. The control means determines the set value
for pump displacement by a certain function and the en-
gine rotating speed. The function is set so as to make
the set value in a high speed zone larger than the set
value in alow speed zone. The high and low speed zones
are determined by the driving speed detected by the driv-
ing speed detecting means.

[0009] In the present invention, because the engine
rotating speed can be decreased by increasing the pump
displacement in a high speed zone more than that in a
low speed zone, it is possible to improve the fuel efficien-
cy in a high speed vehicle like a wheel crane which fre-
guently drives at a high speed. Moreover, it is possible
to improve pump efficiency by increasing the pump dis-
placement. In addition to these merits, by lowering the
engine rotating speed, rotating speeds of a cooling fan
and an auxiliary pump also goes down because these
devices are also driven by the engine. For this reason,
energy loss caused by these devices is also decreased,
so that the fuel efficiency becomes much better.

[0010] In a preferable embodiment of the present in-
vention, the function of the control means is kept constant
regardless of a change of the driving speed, either in a
high speed zone where the driving speed is higher than
an upper limit or in a low speed zone where it is lower
than a lower limit, or both in the zones.

[0011] Inthis case, itis possible to keep the pump dis-
placement within a certain range at least one of in the
high speed zone and in the low speed zone. Accordingly,
it is possible to remove a disadvantage that the acceler-
ating performance becomes worse by reason of too small
pump displacement in the low speed zone. Moreover, it
is also possible to remove another disadvantage that
shortage of power or deterioration of engine efficiency
caused by too low engine rotating speed makes the fuel
efficiency worse in the high speed zone.

[0012] In another preferable embodiment of the
present invention, the control means controls the engine
so as to keep the driving speed lower than the upper limit.
[0013] In this case, in a vehicle limiting the engine ro-
tating speed, by executing the control using the above-
mentioned function, it is possible to decrease the engine
rotating speed to a greater extent so that the fuel efficien-
cy is more improved in case of driving at a predetermined
speed limit.

[0014] Infurther another preferable embodiment of the
present invention, an acceleration inputting means for
inputting an acceleration signal and a manipulated ac-
celerator amount detecting means are further provided.
The manipulated acceleration amount detecting means
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detects the manipulated amount of the acceleration in-
putting means. The control means determines the set
value for pump displacement with the function which sets
the set value for pump displacement in a little manipulat-
ed accelerator zone so as to be larger than the set value
for pump displacement in a large manipulated accelera-
tor zone. In the little manipulated accelerator zone, the
amount of manipulated accelerator is not more than a
set value for manipulated accelerator amount. In the
large manipulated accelerator zone, the amount is more
than the set value for manipulated accelerator amount.
[0015] In this case, even in the little manipulated ac-
celerator zone, it is possible to decrease the engine ro-
tating speed by increasing the pump displacement. Ac-
cordingly, even in the driving condition where the energy
and load necessary for driving are low, for example, in
driving at a low speed or in driving on an uphill road, the
fuel efficiency is improved.

[0016] Infurther another preferable embodiment of the
present invention, the control means keeps the function
constant regardless of a change of manipulated accel-
erator amount, in an extra little acceleration zone where
the manipulated accelerator amount is less than a lower
limit of the little manipulated accelerator zone.

[0017] In this case, because the set value for pump
displacement can be kept within a certain range, in the
extra little manipulated accelerator zone, it is possible to
remove a disadvantage, engine stopping, which is
caused by too much pump displacement.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Figure 1is a block diagram showing a driving system
and a control system in the first embodiment of the
present invention;

Figure 2 is a graph showing a relationship between
an engine rotating speed and a set value for pump
displacement;

Figure 3 is a graph showing a relationship between
an engine rotating speed and a fuel consumption
rate;

Figure 4 is a graph showing a change of the engine
rotating speed in accelerating at a maximum rate;
Figure 5 is a graph showing an effect of decrease of
engine rotating speed in limiting an upper driving
speed;

Figure 6 is a block diagram showing a driving system
and a control system in the second embodiment of
the present invention;

Figure 7 is a graph showing a relationship between
an engine rotating speed and a set value for pump
displacement; and

Figure 8 is a flow chart for explaining an operation
flow of the second embodiment of the present inven-
tion.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

First Embodiment (Figures 1 to 5)

[0019] Figure 1 shows a driving system and a control
system of the first embodiment. In Fig.1, an engine 1
drives a variable displacement hydraulic pump 2. A var-
iable displacement hydraulic motor 3 is driven by dis-
charged oil of the hydraulic pump 2. The hydraulic pump
2 and the hydraulic motor 3 are connected each other
with pipe lines 4 and 5 so as to form a close circuit. The
rotation power of the hydraulic motor 3 is transmitted to
wheels 7 via an axel 6. A power divider 8 divides a power
of the engine 1 into powers for the hydraulic pump 2, for
an auxiliary pump 9 and for a cooling fan 10.

[0020] An acceleration inputting means 11 outputs to
the engine 1 a signal showing the amount of accelerator
manipulation. In this embodiment, the acceleration input-
ting means 11 is an accelerator pedal. The signal from
the acceleration inputting means 11 is inputted to an en-
gine control portion 13 of a control means 12. The engine
1 rotates by conducting fuel injection at an accelerator
opening degree corresponding to the signal. An engine
rotation detecting means 15 detects a rotation number
of the engine, and a driving speed detecting means 16
detects a driving speed. The engine rotation number and
the driving speed, which are detected by both detecting
means 15 and 16, are inputted to a pump control portion
14 of the control means 12. The pump control portion 14
selects a function deciding a set value for pump displace-
ment, based on the detected engine rotation number and
the detected driving speed. Based on the set value for
pump displacement which is calculated with the function,
the pump control portion 14 controls the displacement of
the hydraulic pump 2.

[0021] This point is described in detail hereinafter.
Conventionally, when a HST type vehicle drives at a con-
stant speed, the displacement of the hydraulic pump 2
is controlled by the set value for pump displacement. The
set value is calculated by multiplying the engine rotating
speed by the determined function. Accordingly, the set
value for pump displacement is determined, based on
only the engine rotating speed. As shown with the mark
"a" in Fig.2, in the driving speed "V", the set value for
pump displacement is determined by multiplying the en-
gine rotating speed by the function "f1".

[0022] In this embodiment, the function regarding the
engine rotating speed is varied in accordance with the
driving speed. Accordingly, in a high driving speed zone
where the driving speed is more than the set value "V",
as shown with the mark "b" in Fig. 2, the set value for
pump displacementis determined by a function "f2" which
is set so as to make the set value for pump displacement
more than that of the function "f1". On the other hand, in
alow driving speed zone where driving speed is less than
the set value "V", as shown with the mark "c" in Fig.2,
the set value for pump displacement is determined by a
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function "f3" which is set so as to make the set value for
pump displacement less than that of the function "f1". In
other words, the set value for pump displacement in the
high driving speed zone is larger than that in the low
driving speed zone.

[0023] In this embodiment, comparing with the con-
ventional technology whose function can not be changed,
itis possible to decrease the engine rotating speed which
can obtain the same amount of discharged oil from the
pump in the high driving speed zone. For this reason, as
shownin Fig.3, itis possible to improve fuel consumption
rate in response to the amount of engine rotating speed
decreasing. As the amount of discharged oil from the
pump corresponds to the driving speed, it is possible to
improve fuel efficiency in a high speed vehicle like a
wheel crane which often drives at a high speed.

[0024] In addition to this merit, it is possible to improve
efficiency of the pump because of increasing the pump
displacement. Moreover, because the rotating speeds of
the auxiliary pump 9 and the cooling fan 10 which are
driven by the power divider 8 also goes down in response
to the decrease of the engine rotating speed, energy loss
occurred in these devices is also decreased. For these
reasons, the fuel efficiency becomes much better.
[0025] On the other hand, in the control as shown with
the mark "b" in Fig.2, the changing rate of the set value
for pump displacement in response to the engine rotating
speed is relatively large. In the case that only this control
is executed, a disadvantage occurs so that the engine
rotating speed becomes instable at the start stage. As
shown with the mark (i) in Fig.4, in accelerating from a
stopping condition to a full speed driving condition, the
engine rotating speed at the start stage becomes insta-
ble.

[0026] Inthis first embodiment, in the low speed zone,
as shown with the mark "c" in Fig.2, a control is executed
so as to decrease the changing rate of the set value for
pump displacement in response to the engine rotating
speed. For this reason, as shown with the mark (ii) in Fig.
4, the engine rotating speed at the start stage becomes
stable.

[0027] In the case that the engine rotating speed is
limited so that the driving speed is less than a certain
value, in the first embodiment, in addition to the control
limiting the engine rotating speed, the above-mentioned
control changing the function is executed. For this rea-
son, as shown in Fig.5, becauseitis possible to decrease
the engine rotating speed to a greater extent, the fuel
efficiency is more improved in case of driving at a pre-
determined speed limit.

[0028] By the way, in this embodiment, it is preferable
that, setting an upper limit in a high speed zone and a
lower limit in a low speed zone, the function keeps con-
stant regardless of the change of driving speed in the
zones where the driving speed is more than the upper
limit or it is less than the lower limit. In this case, it is
possible that the pump displacement keeps within a con-
stant range both in the high and low speed zones. Ac-
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cordingly, it is possible to remove the disadvantage that
the accelerating performance becomes worse by reason
of too little pump displacement in the low speed zone.
Moreover, it is also possible to remove the disadvantage
that shortage of power or deterioration of engine efficien-
cy by reason of too little engine rotating speed in the high
speed zone makes fuel efficiency worse.

Second Embodiment (Figures 6 to 8)

[0029] Only the differences from the first embodiment
are explained hereinafter. In the second embodiment,
not only in addition to the improvement of the fuel effi-
ciency in the high speed zone, but also in the low speed
zone where the amount of manipulated accelerator is a
little, the fuel efficiency is improved by decreasing the
engine rotating speed. The amount of manipulated ac-
celerator corresponds to a load occurred in driving.
[0030] As shown in Fig.6, a manipulated accelerator
amount detecting means 17 is added as another detect-
ing means. The manipulated accelerator amount detect-
ing means 17 detects the amount of manipulated accel-
erator by a signal from the acceleration inputting means
11. The amount of manipulated accelerator is transmitted
to the pump control portion 14 together with the engine
rotating speed and the driving speed. The pump control
portion 14 determines the set value for pump displace-
ment based on these signals.

[0031] This point is explained in detail hereinafter. As
shown with the mark "a" in Fig.7, in a set value "X" for
manipulated accelerator amount, the set value for pump
displacement is determined by a function "g1" in re-
sponse to the engine rotating speed. In the second em-
bodiment, the function varies in accordance with the ma-
nipulated accelerator amount. Accordingly, in a little ma-
nipulated accelerator zone where the manipulated accel-
erator amount is less than the set value "X", as shown
with the mark "b" in Fig.7, the set value for pump dis-
placement is determined by a function "g2" which is set
so as to become larger than the set value for pump dis-
placement determined by the function"g1". On the other
hand, within a large manipulated accelerator zone where
the manipulated accelerator amount is less than X1 and
more than X, denoted by "X-X1" in Fig.8, the set value
for pump displacement is determined by a function "g3"
which is set so as to become smaller than the set value
for pump displacement determined by the function "g1".
Moreover, in an extralarge manipulated accelerator zone
where the manipulated accelerator amount is not less
than X1, the control which uses the function correspond-
ing to the driving speed as explained above as the first
embodiment is executed as being in a high speed zone.
[0032] This control is explained in detail hereinafter by
the flow chart Fig.8, In Fig.8, in a step S1, the detected
manipulated accelerator amount and the set value "X"
are compared each other. In the case that the accelerator
amount is not more than "X", a step S2 is executed. On
the other hand, in the case that the accelerator amount
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is within the range of "X [X1", a step S3 is executed. In
the step S2, the set value for pump displacement is de-
termined by the function "g2". On the other hand, in the
step S3, the set value for pump displacement is deter-
mined by the function "g3".

[0033] In the case that the accelerator amount is not
less than "X1", the processes explained in the first em-
bodiment are executed as being in the high speed zone.
That is to say, in a step S4, the detected driving speed
and the set value "V" are compared each other. In the
case that the driving speed is not less than "V", the set
value for pump displacement is determined by the func-
tion "f2" in a step S5. In the case that the driving speed
is less than "V", the set value for pump displacement is
determined by the function "f3" in a step S6.

[0034] In a step S7, the set value for pump displace-
ment is outputted, which is determined in one of the
above steps S2, S5, S6.

[0035] Inthis second embodiment, it is possible to de-
crease the engine rotating speed by increasing the pump
displacement even in the little manipulated accelerator
zone. Accordingly, even in the driving condition where
energy and load necessary for driving is low, for example,
in driving at low speed or in driving on an uphill road, the
fuel efficiency is improved.

[0036] Here, also in the second embodiment, as in the
first embodiment, setting a lower limit in the little manip-
ulated accelerator zone, it is possible to keep the function
constant regardless of the manipulated accelerator
amount in an extra little manipulated accelerator zone
where the amount is less than the lower limit. In this case,
since the set value for pump displacement can be kept
within a certain range, in the extra little manipulated ac-
celerator zone, it is possible to remove a disadvantage
of engine stopping which is caused by reason oftoo much
pump displacement.

[0037] In a hydraulic driven vehicle of the present in-
vention, an engine 1 drives a variable displacement hy-
draulic pump 2. A hydraulic motor 3 is driven by hydraulic
oil supplied from the hydraulic pump 2. A rotation number
of the engine 1 is detected by an engine rotating speed
detecting means 15, and a driving speed is detected by
a driving speed detecting means 16. A control means 12
determines a set value for pump displacement of the hy-
draulic pump 2 by calculating with a function. The function
is set so as to make the set value in a high speed zone
larger than the set value in a low speed zone. Accord-
ingly, ina HST type hydraulic driven vehicle, fuel efficien-
cy is improved in the high speed zone.

Claims

1. A control apparatus of a hydraulic driven vehicle,
comprising:

an engine (1);
avariable displacement hydraulic pump (2) driv-
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en by said engine (1);

a hydraulic motor (3) driven by hydraulic oil sup-
plied from said hydraulic pump (2);

adriving speed detecting means (16) for detect-
ing a driving speed of the hydraulic driven vehi-
cle; and

an engine rotating speed detecting means (15)
for detecting a rotation number of said engine
(1),

characterized in that

the control apparatus further comprising:

a control means (12) for controlling a displace-
ment of said variable displacement hydraulic
pump (2) based on a set value for pump dis-
placementwhich is determined by a function and
an engine rotating speed detected by said en-
gine rotating speed detecting means (15), the
function making the set value in a high speed
zone larger than the set value in a low speed,
the high and low speed zones determined by
the driving speed detected by said driving speed
detecting means (16).

The control apparatus according to claim 1, wherein
said control means (12) keeps the function constant
regardless of a change of the driving speed, either
in the high speed zone where the driving speed is
higher than an upper limit for driving speed or in the
low speed zone where the driving speed is lower
than a lower limit for driving speed, or both in the
zones.

The control apparatus according to claim 1 or 2,
wherein

said control means (12) controls said engine (1) so
as to keep the driving speed lower than the upper
limit.

The control apparatus according to any one of claims
1 through 3, wherein

the function of said control means (12) regulates so
that the set value for pump displacement in a little
manipulated accelerator zone is larger than the set
value for pump displacement in a large manipulated
acceleration zone, and

the little manipulated acceleration zone where a ma-
nipulated acceleration amount detected by a manip-
ulated accelerator amount detecting means (17) and
inputted by an acceleration inputting means (11) is
not more than a set value for manipulated acceler-
ator amount, and

the large manipulated acceleration zone where the
manipulated accelerator amount is more than the set
value for manipulated accelerator amount.

The control apparatus according to claim 4, wherein
said control means (12) keeps the function constant
regardless of a change of manipulated accelerator
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amount in an extra litle manipulated accelerator
zone where the manipulated accelerator amount is
less than a lower limit of the little manipulated accel-
erator zone.
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FIG.3
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FIG.7
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FIG.8
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